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ORIGINAL ARTICLE
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ABSTRACT
Crack cocaine is an illicit drug derived from cocaine. It can produce some damages to the lungs and oral cavity.
Objective: The aim of this study was to analyze the frequency of micronuclei and some nuclear alterations in
epithelial cells of crack cocaine users. Methods: Oral smears were collected from clinically normal-appearing
buccal mucosa exfoliative cytology of 30 individuals (15 crack cocaine users and 15 controls). Results: Crack
cocaine users consumed about 3.8 grams per day and the time consumption of the drug was of 6.4 +3.3 years. The
prevalence of micronuclei, binucleated cells, broken egg cells, budding cells, picnosis, karyolysis, and karyorrhexis
was determined. The frequencies of micronuclei for case and control groups were, 2.87+3.46 and 0.57+1.6 (p=0.018)
respectively. No statistical difference was observed for binucleated cells, broken egg cells, budding cells, picnosis,
and karyolysis. The frequency of karyorrhexis was significantly increased on crack cocaine users than controls
(54.07+38.58 and 24.87+23.97, p=0.001). Conclusion: Smoke crack might have a cytotoxic and genotoxic effects
to the oral mucosa due to increased frequency of micronuclei and karyorrhexis. Thus, individuals who used crack
cocaine in the long term need to be frequently examined in order to prevent neoplastic transformation.
Keywords: carcinogens, crack cocaine, cytological techniques, micronucleus tests, oral mucosa

INTRODUCTION
The last World Drug Report has estimated that almost
a quarter of a billion people between the ages of 15 and
64 years used an illicit drug in 2013. This corresponds
to a global prevalence of 5.2% (range: 3.4-7.0%).
Cannabis remains the illicit drug most used in the
world. However, there are other illicit drugs that are
often consumed in certain regions of the world.1 One
of these drugs is the crack which is the smokable form
of cocaine. It has high potential to generate several
damage to the user’s health.2,3 This illicit drug is a
potent stimulant of the central nervous system with a
high potential for addiction.4

Several important histopathological changes have been
identified in the epithelium of the tracheobronchial
mucosa of crack users, including: basal cell hyperplasia,
squamous metaplasia, mitotic f igures, nuclear
morphology changes, increased nucleus/cytoplasm,
basement membrane thickening and inflammation
submucosa.5 Moreover, these pathological changes
become even more frequent when the crack users
consume other drugs associated with carcinogenic
potential, such as tobacco and alcohol. Thus, crack
users may appear as candidates for the development
of cancer, including oral cancer.
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The micronucleus test allows identification of an
increased frequency of mutations in cells that were
exposed to a wide variety of genotoxic agents. This
test has been used routinely in the monitoring of
individuals potentially exposed to genotoxic agents
in chemoprevention protocols and the development
of malignancies of the upper aerodigestive.6,7 The
micronucleus is an additional nucleus which is
separate from the main nucleus of a cell. It consists
of chromosomes or chromosome fragments that were
not included in the main nucleus during mitosis.8-10
Its formation is due to spontaneous chromosomal
structural changes or due to environmental factors.8
Several studies corroborate the effectiveness of the
micronucleus cytogenetic assay as an indicator of
damage to the oral, bronchial and esophageal epithelial
cells.12 An increase in micronucleus rate of the oral
mucosa is indicative of increase in mutation rates and
is related to the development of carcinoma of the oral
mucosa.12-14

Table 1. Frequency micronucleus and nuclear changes in oral
mucosa of crack cocaine users and non-users
Nuclear
alteratinos

N

Control
Mean±SD

P value

Micronucleus 15

Crack cocain
users
Mean±SD
2.87 ± 3.46

0.57 ± 1.60

0.018*

Karyolysis

15

26.73 ± 39.57

8.27 ± 9.30

0.287

Karyorrhexis 15

54.07 ± 38.58

24.87 ± 23.97 0.001*

Picnosis

15

13.13 ± 8.81

10.80 ± 6.79

0.424

Broken eggs

15

27.47 ± 11.54

25.93 ± 3.46

0.656

Buds

15

4.07 ± 3.37

5.00 ± 5.79

0.867

Binucleate
cells

15

11.13 ± 6.48

9.33 ± 6.79

0.464

*Mann-Whitney p ≤ 0.05
**Student t-test p ≤ 0.05

volunteers who had good conditions of oral and general
health and without crack consumption history or any
other type of drug.

The micronucleus test is considered a fast, inexpensive
and non-invasive procedure. It can be repeated several
times for the prevention and monitoring of individuals
at risk for cancer, such as: chronic users of alcohol,
smoking and / or other mutagenic substances.15-18
The presence of micronuclei in exfoliated cells of
oral mucosa reflects genotoxic events that occurred
in cells that were in the basal layer of the epithelium
1-3 weeks before getting the smear.13 Until the present
date, there are few reports in the literature on the
possible genotoxic and cytotoxic effects of crack that
is often used with other drugs, such as cigarettes and
alcohol (carcinogens). Thus, the aim of this study was
to investigate whether smoke crack have genotoxic and
/ or cytotoxic on human oral mucosa.

Collection of samples
Oral epithelial cells were collected by cytobrush
of the liquid based cytology using the DNA-citoliq
System kit® (Digene, São Paulo/SP, Brazil). Initially,
a smear was performed in the posterior region of the
oral mucosa. After this step, the smears were kept
refrigerated until the time of laboratory processing.
Sample processing
The flasks with the oral smears were first homogenized
in a vortex QL-901 (Quinlibei instruiments manefacture
co., China) for 20 seconds. Then, an aliquot of 200 μL
was placed carefully with a pipette over a polycarbonate
membrane (Lamigene® Digene, São Paulo / SP, Brazil).
Each aliquot was subjected to press against the glass
slides using a prepgene press® (Digene, São Paulo/SP,
Brazil) for 10 seconds. Then, slides were immersed in
absolute ethanol for about 20 minutes to fix the smear
cells. Oral epithelial cells were stained with FeulgenRossenbeck modified technique.19

METHODS
The research project was approved by the Committee of
Research Ethics of the Universidade Federal do Paraná
(CEP/SD 681.016.09.03).
Patients
Fifteen male crack cocaine users (case group) and
fifteen men nonusers (control group) participated in
this study. The case group was composed of patients
who were hospitalized at the Instituto de Pesquisa
e Tratamento do Alcoolism – IPTA (Campo Largo/
PR Brazil). They were in treatment for crack cocaine
detoxification for less than one week.

Analysis of genotoxicity
The identification of the slides was masked before
reading. The study of the slides was performed by
two examiners after training by an experienced oral
pathologist. The calibration of examiners was made
by simultaneous analysis of five slides. The analysis
of the 1,000 cells for each participant was made by
light microscopy using a binocular microscope, Nikon
E200 model adapted with 10X ocular WH-H / 22
(Nikon) and PLAN objective 100x / 0.25 (Nikon). The
image of the cells with nuclear changes was captured
at a magnification of 400 times by a Dyno TM eye
camera (Eyepiece Camera). Then, each image was
analyzed careffuly. Micronuclei were characterized
as small nuclear masses bounded by membrane and

The following inclusion criteria were used to identify
individuals for the case group:: a) have been smoking
crack, b) have used daily minimum of 1.8 grams of
crack in recent months before admission, c) have been
smoking crack more a year, and d) not present injuries
in the region where the collection of the cells was
made. The control group consisted of 15 subjects male
34
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Figure 1. Oral epithelial cells of crack cocaine users showing nuclear changes. (A) binucleate cells; (B) buds; (C) broken eggs;
(D) karyolysis; (E) karyorrhexis; (F) picnosis (Feulgen-Rossenbeck, 400X).

separated from the main nucleus. For confirmation of
micronuclei, the following were considered: rounded
shape, with a diameter less than 1/5 to 1/3 of the core
group; located within the cytoplasm in the same
focal plane; chromatin have a similar structure; color
intensity and texture similar to or less; be positive
Feulgen and not refractory; the edge should be evident,
suggesting nuclear membrane without overlapping.20

Evaluation of the cytotoxicity
The cytotoxic potential of crack cocaine was analyzed
using the criteria described by Tolbert et al.21 For this,
the presence of the following nuclear abnormalities
was investigated: a) Picnosis - the nucleus was
seen as a small dot, dark and dense, which has no
perceptible chromatin structure, b) Karyorrhexis:
chromatin condensation in several particles showing
35
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higher in the cells of the oral mucosa of crack cocaine
users. On the other hand, the frequency of buds was
higher in the control group. However, only the number
of micronuclei and karyorrhexis were statistically
significant. Figure 1 and 2 show binucleated cells,
buds, broken eggs, karyolisis, karyorrhexis, picnosis,
and micronucleus in oral epitelial cells of crack cocaine
users.

DISCUSSION
The micronucleus test is used as a parameter to verify
the degree of exposure and the extent of damage
caused by an environmental agent to DNA. It acts
as a biomarker that indicates the susceptibility of the
individual to the development of cancer.22 However,
the micronucleus test has its specificity increased
when cellular changes indicative degenerative cell
death are recorded as picnosis, karyorrhexis, karyolysis
and nuclear projections (buds and broken eggs).23,24
Thus, external chemical and physical agents may
be investigated for the induction of cytotoxic and
genotoxic damage.

Figure 2. Oral smear of crack cocaine user showing
micronucleus (arrow). (Feulgen-Rossenbeck, 400X).

fragmentation of the nucleus in small oval or rounded
bodies within the intact cytoplasm. These particles
were of variable number, appearing as black spots
or elongated formations entirely separated from
each other or connected by a thin line chromatin, c)
Karyolysis: dissolution of the nucleus characterized by
its absence. This nuclear change when viewed under the
microscope, showed a pale and weak staining, d) Buds:
cells containing a small amount of genetic material
adhered to the main body as a nuclear extension, and
e) Broken eggs: small amount of genetic material binds
to the nucleus by a positive Feulgen filament.

This study determined the frequency of micronuclei and
nuclear changes described above in epithelial cells of the
oral mucosa of crack cocaine users. The results showed
that the frequency of micronuclei and karyorrhexis
increased significantly. Our results corroborate the
findings of some authors, such as Webber et al. and de
Freitas et al.18,25 These authors observed a frequency
of micronuclei and nuclear buds was significantly
increased in peripheral blood lymphocytes and oral
mucosa. In 2014, das Graças Alonso de Oliveira et
al.26 have investigated the frequency of micronucleus
in oral mucosa of crack cocaine users too. Their results
have revealed significant statistical differences of
micronucleated oral mucosa cells from crack cocaine
users. Furthermore, exposure to crack cocaine caused
an increase of karyolysis in oral cells. On the other
hand, Lima et al.17 have found no differences in
the frequency of micronuclei in oral mucosal drug
users. However, these authors used a sample that was
concomitant use of several associated illicit drugs such
as marijuana, cocaine and crack cocaine.

Statistical analysis
Data were tabulated in the Microsoft Excel workbook
on MacBook Air (Apple, USA) and then submitted to
descriptive statistical analysis. The homogeneity of
the data was tested by the Kolmogorov-Smirnov test.
Levene’s test was used before the comparison of means.
Then, the Mann-Whitney test and Student t test were
used at a probability level of p <0.05.

RESULTS

The literature has shown that there is a direct
relationship between the combination of certain risk
factors in the formation and increased frequency
of micronuclei, as the effect of occupational factors
combined with the socio-demographic factors: age,
addictions (smoking, alcoholism), nutritional status,
chronic and infectious diseases.27 Woyceichoski et al.28
has observed a significant reduction in the nuclear area,
but no change of the nuclear morphology. On the other
hand, an analisys of tracheobronchial cells showed that
chronic exposure of smoke crack was able to induce
a higher frequency of mitotic figures, changes in

Thirty male subjects participated in this study (15
crack cocaine users and 15 nonusers of licit or illicit
drugs). The mean age of participants was 30.2±10.65
years (19-80). Crack cocaine users consumed an
average of of 3.8 g of crack cocaine / day. The mean
duration of drug use was 6.4 years. The frequency of
cells with micronuclei and other nuclear changes in
cells of users and controls is presented in Table 1. The
frequency of micronuclei, karyorrhexis, karyolysis,
broken eggs, buds, picnosis and binucleate cells was
36

Journal of Dentistry Indonesia 2016, Vol. 23, No.2, 33-39
nuclear morphology and increased nucleus / cytoplasm
ratio. Moreover, these nuclear changes become more
representative when the crack cocaine was consumed
associated with tobacco cigarettes.5
Oral mucosa cells represent the primary barrier to the
route of inhalation or ingestion when crack cocaine is
smoked. A higher frequency of micronuclei in cells of
this population can be a strong indicator of crack ability
to induce DNA damage. As is known, approximately
90% of oral cancers originate from the epithelial
cells. These tumors are mostly caused by exposure
to carcinogens such as tobacco and alcohol.29 Thus,
a higher probability of the emergence of oral cancer
in individuals who make regular use of crack cocaine
associated with cigarettes and alcoholic beverages can
not be ruled out. Furthermore, some authors believe that
the lesions which develop in the oral mucosa caused
by the crack cocaine occur much more likely due to
the heat generated on the mucosa during use than the
chemical action of the drug.30
Knowledge of the kinetics of the epithelial cells is
extremely important for the interpretation of the results
of micronucleus test.23 Some altered cells are lysed
during its migration through epithelial layers. Then,
these cells are deleted before reach the epitelial surface.
This protective mechanism of the organism prevents
the proliferation of damaged cells.31 The analysis of oral
epithelial cells also provides information on nuclear
changes such as karyorrhexis, karyolysis, pyknosis,
broken eggs, buds and binucleate cells. This study
showed a higher frequency of cells in the mucosa of
crack cocaine users exhibiting karyorrhexis. In this
phenomenon, the nucleus undergoes fragmentation
and then disperses in the cytoplasm. The cell death
by apoptosis may occur due to the large amount of
damage to the DNA. The successive occurrence
of these events may delay the renewal of the oral
epithelium. Degenerative diseases can cause changes
in the epithelium increasing susceptibility to malignant
transformation, if the regenerative capacity of the tissue
is supplanted.32
The mechanisms involved in the ability of cocaine
to infuence the division of several cells have been
hypothetized. Cocaine can induce elevation in the
levels of intracelular Ca2+. This fact has been shown
to be responsible for cocaine-instigation suppression
of proliferation in cells culture.33 Besides, cocaine
has induced PC 12 cell death by apoptosis and
necrosis. These effects were verified by mitochondrial
dysfunction, increase in LDH release, activation of
caspase 3, decrease in Bcl-2 expression and increase in
α-spectrin cleavage.34 However, molecular studies are
needed to define how cocaine exactly influences the
cycle of epithelial cells of the oral mucosa.

The karyorrhexis, picnosis and karyolysis result
from excessive lowering of pH in the dead cell which
condenses the chromatin and deoxyribonucleases
action and other proteases. These enzymes digest
the chromatin and also promote the breakdown of
the nuclear membrane.35 Some studies have indicated
that karyorrhexis and karyolysis are indicators of
apoptosis.36,37 Apoptosis is a programmed biological
process that is genetically controlled. It is required
by normal and pathological tissue development. 23
On the other hand, the pyknosis and karyolysis were
also observed with a higher frequency in oral cells
of crack cocaine users. However, this difference was
not statistically significant. Thus, it is not possible to
rule out that the crack cocaine is capable of inducing
cytotoxic changes in the oral mucosa.
The risk of damage due to continuous crack use is not
completely clear. Thus, there is a need to investigate
the impact of this drug in the short and long term
on the oral mucosa. Crack smokers have a greater
chance to develop diseases, especially oral cancer.
Once identified, the patient may be referred for
treatment. Finally, based on the findings of this study,
it is recommended that individuals who have made
long-term crack use often need to undergo intraoral
examination. This clinical procedure is essential to
identify early changes in the oral mucosa suggestive
of neoplastic transformation.

CONCLUSION
This study showed that smoke from crack has genotoxic
and cytotoxic potential for oral mucosa by increasing
the frequency of micronuclei and karyorrhexis.
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